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When assessing the suitability of next generation refrigerants for use with current HVAC&R system materials, two 
areas of concern need to be thoroughly investigated and understood: 1) compatibility of the system materials when 
in contact with the fluids, and 2) chemical stability of the fluids when exposed to system materials.  This paper 
summarizes material compatibility evaluations of unsaturated hydrofluorocarbon (HFO) refrigerants, and HFO 
refrigerants blended with R32, that were conducted to better understand equipment reliability risks associated with 
the use of next generation low global warming potential (GWP) refrigerant candidates.   
 
Material compatibility exposures were conducted in Parr pressure vessels with R1234yf, R1234ze(E), and a three-
refrigerant composite blend of R1234yf, R1234ze(E), and R32 (33% by weight of each), with nine types of 
elastomers, three gaskets, five polymers, and ten different motor materials.   Exposures were conducted in 100% 
refrigerant, 50% refrigerant:50% lubricant, and 100% lubricant to encompass the range of refrigerant and lubricant 
compositions that may be present in different areas of operating systems.  Two different lubricants, a polyol ester 
(POE) and a polyvinyl ether (PVE), were evaluated in the study.  In total, each of the materials was exposed to 
twelve different conditions.  Results of laboratory measurements of the physical property changes of exposed 
elastomeric and polymeric materials, and hermetic compressor motor materials, are presented in this paper.  In 
addition, potential system reliability implications of these results, based on a risk-based ranking approach, are 




Growing concerns about the environmental impact of the refrigerants used in HVAC&R equipment are driving the 
development of new regulatory policies to restrict and lower the direct GWP (Global Warming Potential) impact of 
refrigerants.  These regulations have prompted the technology development of unsaturated hydrofluorocarbon 
refrigerant chemistries, referred to as hydrofluoroolefins (HFOs).  The chemistries of the HFO molecules are 
designed to facilitate refrigerant degradation in the atmosphere in days rather than years, and this decreased stability 
in the atmosphere presents the possibility that these refrigerants could also be less stable with traditional HVAC&R 
construction materials and contaminants.  In addition to new chemical stability considerations, the HFO refrigerant 
chemistries also present the potential for different interactions between lubricants, materials of construction, and 
process chemicals relative to the hydrofluorocarbon (HFC) refrigerants that are being used in many of today’s 
applications.  These fluid/material interactions need to be understood to ensure reliability of critical components in 
HVAC&R systems.  Chemical and material compatibility of refrigerants are important design parameters given the 
expectation that products will be operable for at least 10 to 20+ years.  
 
Only a few studies have been published regarding the potential risks associated with using HFOs in HVAC&R 
systems.  Most of the information published to date has focused on the thermal and chemical stability concerns of 
the fluids, with less focus on material compatibility.   
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Fujitaka, Shimizu, Sato, and Kawabe (2010) studied the chemical stability of R1234yf with POE lubricant in the 
presence of air and water contaminants. The studies were conducted with copper, aluminum, and steel coupons in 
stainless steel containers with the refrigerant, lubricant, and contaminant(s) exposed for 14 days at 175°C (347°F).  
Test results indicated minor instability of R1234yf when contaminants were absent.  However, significant R1234yf 
instability was observed in the presence of air, and it appeared to be accelerated even more in the presence of both 
air and moisture. It is important to note that the POE lubricant in the study was formulated with additives including 
an acid catcher and an antioxidant, which were measured after the exposures.  Analyses of the lubricants from the 
R410A baseline samples exposed to both air and moisture indicated that the acid catcher and antioxidant were nearly 
(approximately 90%) depleted.  In the case of the corresponding R1234yf exposures, the acid catcher was 
completely depleted but the antioxidant was still present at significant concentrations.  These results suggested that 
R1234yf was preferentially attacked by the air and that significant acids were formed, resulting in depletion of the 
acid catcher additive.   
 
An additional study administered by the Air Conditioning, Heating, and Refrigeration Institute (AHRI), conducted 
in 2012 by Rohatgi, Clark, and Hurst, evaluated the stabilities of R1234yf, R1234ze(E), and mixtures of R1234yf 
blended with R32 (50% of each by weight), with two POE lubricants and one PVE lubricant.  R134a and R410A 
were evaluated as baseline controls for comparison with the HFOs and HFO/HFC blend refrigerants.  This study 
constituted phase I of the AHRI Material Compatibility and Lubricant Research (MCLR) program. Sealed glass tube 
samples were prepared in accordance with ASHRAE Standard 97 and were aged for 14 days at 175°C (347°F) with 
copper, aluminum, and steel catalysts.  In addition, the impacts of three contaminant conditions - air, water, and air 
with water - were evaluated. This study revealed evidence of refrigerant degradation under specific scenarios and 
reinforced that additional work was required to understand the refrigerant system chemistry implications of HFO use.   
 
The work reported in this paper was conducted under phase II of the AHRI MCLR program.  The objectives of the 
two-part AHRI study were to 1) expand upon the initial chemical stability work conducted in Phase I of the AHRI 
MCLR program, and 2) to evaluate the compatibility of various materials with new low GWP refrigerants.  Results 
from the material compatibility portion of the study (objective 2) are summarized in this paper.  Results of the 
chemical stability evaluations are summarized and reported separately.   
 
2. DESCRIPTION OF TEST PROGRAM 
 
The material compatibility assessment of new low GWP refrigerants was divided into two different sections to 
accommodate the distinct exposure and sample testing requirements for the different classes of materials: 1) seals 
and polymers, which included elastomers, flat gaskets, and polymeric materials, and 2) motor materials, which 
incorporated articles used in hermetic compressor motors such as phase insulations, motor varnishes, magnet wires, 
a tie cord, and a polymeric connector block material.  Exposures were carried out for the times and temperatures 
summarized in Table 1.  Because the critical temperature of the three-refrigerant blend is below 90°C, the oven 
temperature was lowered to 85°C to ensure that samples would be in contact with liquid refrigerant during the aging 
process.  Conditions for the motor material exposures were selected to maintain consistency with those used in 
AHRI MCLR motor material compatibility studies conducted in the 1990s  (Doerr and  Kujak, 1993).   
 
In both studies, samples were selected to represent a range of materials that either are currently in use, or have been 
previously assessed for use, in HVAC&R systems.  A summary of seal and polymer materials is provided in Table 
2, whereas the corresponding information for the motor material study is presented in Table 3.    With the exception 
of the motor varnish, materials were cut to size and exposed in their as-received state.  To assess motor varnish 
compatibility, varnish pucks were prepared to examine the fluid exposure impacts on pure varnish cast in the form 
of thin disks.  However, because the varnish pucks are much thicker than the film build on actual motors, magnet 
wire test specimens were also prepared to assess impacts to the varnish adherence, flexibility, bond strength, 
dielectric strength, and burnout strength using samples that more accurately simulate varnish application on actual 
motors.  Motor varnish processing parameters were optimized through collaboration with the supplier.   
 
Post-exposure assessments of the seal and polymer materials included evaluating the materials for changes in 
physical properties such as appearance, weight, volume, hardness, and tensile performance (Table 2).  For the motor 
materials, in addition to appearance, weight, volume, and tensile property changes, post-exposure assessments also 
included evaluation of the electrical insulation properties of the materials (Table 3).   
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Table 1: Summary of sample exposure conditions. 
Description Seals and Polymers  Motor Materials  
100% R1234yf 90°C for 21 days 90°C for 21 days 
100% R1234ze(E) 90°C for 21 days 90°C for 21 days 
100% three-refrigerant blend (33% R1234yf, 33% 
R1234ze(E), and 33% R32 by weight) 
85°C for 28 days 85°C for 28 days 
100% nitrogen 90°C for 21 days 90°C for 21 days 
50% R1234yf:50% POE lubricant 90°C for 21 days 127°C for 21 days 
50% R1234ze(E):50% POE lubricant 90°C for 21 days 127°C for 21 days 
50% three-refrigerant blend:50% POE lubricant 85°C for 28 days 127°C for 21 days 
100% POE lubricant (no refrigerant) 90°C for 21 days 127°C for 21 days 
50% R1234yf:50% PVE lubricant 90°C for 21 days 127°C for 21 days 
50% R1234ze(E):50% PVE lubricant 90°C for 21 days 127°C for 21 days 
50% three-refrigerant blend:50% PVE lubricant 85°C for 28 days 127°C for 21 days 
100% PVE lubricant (no refrigerant) 90°C for 21 days 127°C for 21 days 
 






























































































  Neoprene 1, Parker C0873-70 X X X X X X  
  Neoprene 2, Parker C1276-70 X X X X X X  
  Nitrile-based HNBR, Parker N1173-70 X X X X X X  
  Nitrile-based NBR, Parker NA151-70 X X X X X X  
  Fluorocarbon, Parker V0747-75 X X X X X X  
  EPDM (ethylene propylene diene monomer), Parker E0893-80 X X X X X X  
  Epichlorohydrin, Parker YB146-75 X X X X X X  
  Butyl Rubber, Parker B0612-70 X X X X X X  
  Silicone, Parker L1120-70 X X X X X X  
Flat Gaskets 
  Garlock® 3300 (aramid fibers with a neoprene binder) X X X  X X  
  Armstrong N-8092 (reinforced cellulose fibers with a nitrile 
butadiene binder) 
X X X  X X  
  Klingersil® C-4401 (synthetic fibers with a nitrile binder) X X X  X X  
Polymers 
  Nylon 6,6 (unfilled), BASF Ultramid® A 3K BK00464 X X X  X X X 
  Polyester (unfilled)1, BASF Ultradur® B 2550 polybutylene 
terephthalate 
       
  PEEK (unfilled), polyether ether ketone, Solvay Specialty 
Polymers Ketaspire® PEEK 820NT 
X X X  X X X 
  PPS (filled), polyphenylene sulfide, Chevron Phillips Chemical 
Company Ryton® R-7-120NA 
X X X  X X X 
  PAI (unfilled), polyamide-imide, Solvay Specialty Polymers 
Torlon® 4203L HF 
X X X  X X X 
  PTFE (unfilled), polytetrafluoroethylene, Parker 0100 X X X  X X  
1Note that the polyester material was identified as a motor material (connector block), but was included with the 
polymers due to the similar sample testing requirements. 
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Mylar® MO21 polyester 
phase insulation 
X  X X X       
Melinex® 238 polyester 
phase insulation 
X  X X X       
Nomex® 410 phase 
insulation 
X  X X X       
Mica Glass Cloth phase 
insulation 
X  X X X       
Polyester Tie Cord X  X  X       
Pedigree® 923 solvent- 
   based varnish pucks 
X X X   X X     
GuardianTM water-borne 
   varnish pucks 
X X X   X X     
Magnet wire samples1        X X X X 
1Four different magnet wire/varnish combinations were assessed, as detailed below.  Single strand, twisted pair, 
and helical coil sample configurations were prepared and tested for each magnet wire/varnish combination. 
    A - film insulated round magnet wire with Pedigree® 923 solvent-based varnish 
    B - film insulated round magnet wire with GuardianTM water-borne varnish     
    C - fibrous covered round magnet wire with Pedigree® 923 solvent-based varnish 
    D - fibrous covered round magnet wire with GuardianTM water-borne varnish 
 
3. RESULTS AND DISCUSSION 
 
3.1 Seals and Polymers 
After the 100% refrigerant exposures, the fluorocarbon and silicone elastomers exhibited significant swelling as a 
consequence of refrigerant absorption; this was corroborated by the volume change results (Figure 1).  Weight 
change results were similar to the volume change results.  In addition, as expected with materials that absorb 
significant amounts of refrigerant, post-exposure measurements confirmed softening of the exposed fluorocarbon 
and silicone materials (Figure 2).  Excessive elastomeric material swelling and consequential softening may lead to 
elastomers being more susceptible to degradation and failure during use, especially in dynamic applications. 
 
The EPDM and neoprene 2 materials exhibited the presence of extractable materials on the sample surfaces after the 
R1234yf and the three-refrigerant blend exposures, and in the bottom of the test vessel after the R1234ze(E) 
exposures.  The presence of extractable material indicates that one or more components of the elastomer are being 
separated from the material formulation as a result of interaction with the fluids.  Depending on the amount and 
composition of the extracted material, physical property changes may occur and result in the elastomer shrinking, 
hardening, or exhibiting other types of impacts such as cracking.  These changes, if extensive enough, may inhibit 
the sealing effectiveness and longevity of an elastomer.  Post-exposure measurements revealed increases in hardness 
for the neoprene 2 material but not the EPDM material.     
 
Trends observed in the physical property test results for the exposed fluorocarbon, silicone, and neoprene 2 
materials from the 50% refrigerant:50% lubricant exposures were similar to those observed for the samples from the 
100% refrigerant exposures.   
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Figure 2: Shore A durometer hardness changes of elastomer materials exposed to 100% refrigerant, and 100% 
nitrogen (control). 
 
After the exposed samples were subjected to a bakeout process to remove the absorbed refrigerant, the butyl rubber 
and silicone samples exhibited observable sample deterioration.  Cracks were visible on the silicone material after 
the bakeout process was conducted on the samples from all three of the 100% refrigerant exposures.  The butyl 
rubber material exhibited blistering on samples from the 50% R1234yf:50% lubricant and 50% three-refrigerant 
blend:50% lubricant exposures for both the POE and PVE lubricant exposure conditions.    
 
There was little notable visual impact to the gasket materials under any of the exposure conditions.  One of the 
gasket materials, Armstrong N-8092, exhibited significant volume increases (>40%) in all of the exposures with 
lubricants, including the 100% lubricant controls, relative to the corresponding exposures in 100% refrigerant.  
Since the 100% lubricant control exposure results were very similar to the results of the 50% refrigerant:50% 
lubricant exposures, it can be concluded that the volume increases were not related to the exposures to refrigerants.  
The Armstrong N-8092 gasket material exposures to 100% refrigerant resulted in weight and volume decreases on 
the order of 1-2% for all three 100% refrigerant conditions.  The other two gasket materials, Garlock® 3300 and 
Klingersil® C-4401, were not significantly impacted by exposures to any of the fluids.   
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For the polymer materials, only the polyester and PTFE materials exhibited notable volume and weight increases as 
a result of the exposures (Table 4).  It was noted that for the polyester material, the weight and volume change 
increases directly correlated to decreases in the material tensile properties, especially for samples exposed to the 
three-refrigerant blend and R1234ze(E).  This correlation was not observed in the test results of materials exposed to 
R1234yf (Figure 3).  The significant decreases in tensile strength and modulus for the polyester material suggest that 
the absorbed refrigerants may be acting as plasticizers and causing the material to become more fluid and flexible.  
The implications of these findings require further study.   
 



































































































































































Polyester  1.0 2.1 2.4 -0.3 0.3 1.1 0.9 -0.3 0.0 0.6 0.6 -0.2 
Nylon 6,6  0.2 0.4 0.7 0.2 0.1 0.1 0.3 -0.2 0.0 -0.1 0.4 0.0 
PEEK  -0.5 0.1 0.3 -0.1 0.1 0.1 0.0 0.0 0.0 -0.1 0.1 0.1 
PPS  -0.1 0.0 -0.1 -0.5 0.0 -0.9 -0.8 -0.5 -0.5 -0.5 -0.2 -0.1 
PAI  -0.8 -0.8 -0.7 -0.6 -0.2 -0.8 -0.9 -0.8 -0.8 -0.9 -0.6 -0.7 
PTFE  5.3 5.8 5.1 0.1 3.3 3.3 2.8 -0.1 3.1 3.3 3.3 0.0 
Weight Change (%)
Polyester  1.3 2.6 3.0 0.0 0.6 1.5 1.7 0.0 0.5 1.3 1.6 0.0 
Nylon 6,6  0.6 0.6 1.4 0.4 0.2 0.4 0.8 0.0 0.2 0.3 0.7 0.0 
PEEK  0.0 0.1 0.9 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.6 0.0 
PPS  0.0 0.0 0.1 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.1 0.0 
PAI  -1.4 -1.3 -0.7 -1.3 -1.2 -1.5 -1.0 -1.5 -1.5 -1.5 -1.0 -1.6 
PTFE  3.6 3.8 3.1 0.0 2.3 2.4 2.0 0.0 2.2 2.4 2.1 0.0 
Modulus Change (%)
Polyester  -12.8 -45.1 -70.5 -5.9 -11.8 -36.3 -66.4 -15.4 -2.5 -36.9 -67.2 -8.6 
Nylon 6,6  -4.3 1.8 -6.4 0.5 9.1 6.1 -0.8 3.1 14.4 6.8 0.6 -12.2 
PEEK  1.3 1.7 6.0 -18.1 3.4 2.2 0.1 0.6 2.2 4.6 4.3 -4.0 
PPS  -0.2 5.6 0.0 -11.2 7.5 8.8 -2.8 1.9 9.4 5.8 2.4 -1.5 
PAI  -5.5 -0.8 -9.0 -22.9 5.2 1.5 -6.9 -4.4 -0.5 2.0 -6.0 -2.2 
Tensile Stress at Break Change (%)
Polyester  -5.5 -18.2 -48.7 3.8 3.1 -14.6 -41.3 7.4 9.2 -14.8 -47.1 7.8 
Nylon 6,6  4.3 4.7 -25.8 -4.8 8.9 12.3 -14.8 3.7 20.6 7.7 -7.4 -6.8 
PEEK  -7.7 -5.5 -9.4 -19.8 -4.4 -4.4 -10.5 -10.2 -5.4 -2.3 -10.2 -17.4 
PPS  9.7 4.2 4.9 -11.7 3.1 1.0 2.8 1.1 6.6 6.0 7.7 -8.1 
PAI  5.8 3.2 6.2 -14.8 6.7 6.1 3.8 3.9 8.9 9.1 8.3 1.6 
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Figure 3:  Post-exposure polyester testing results: weight and volume changes (left) and tensile property changes 
(right). 
 
3.2 Motor Materials 
When evaluating the appearance changes of the unvarnished motor materials, extractable particulates were observed 
on the surface of the Mylar® MO21 polyester material that had been exposed to R1234ze(E) with lubricants 
(Figures 4 and 5), and the three-refrigerant blend with lubricants.  Melinex® 238, a low oligomer polyester film 
material, did not exhibit these particulates.  No other significant visual observations were made on any of the other 
exposed motor materials.   The compatibility concerns observed for the Mylar® MO21 polyester material provide 
further evidence of interactions between refrigerants containing R1234ze(E) and ester-based materials, that are more 
extensive than those for R1234yf.   
 
 
Figure 4: Comparison of unexposed Mylar® 
MO21 (left) and Mylar® MO21exposed to 50% 
R1234ze(E):50% POE lubricant (right). 
 
Figure 5: Comparison of unexposed Mylar® MO21 
(left) and Mylar® MO21exposed to 50% 
R1234ze(E):50% PVE lubricant (right). 
     
Volume and weight change measurements for the polyester-based motor materials (phase insulations and tie cord) 
followed similar trends as those observed for the polyester connector block material, with the extent of the changes  
increasing in the order of R1234yf < R1234ze(E) < three-refrigerant blend.  The tensile property changes of the 
films and tie cord were not as pronounced as the polyester connector block material.  None of the phase insulation or 
tie cord materials exhibited significant reductions in dielectric strength as a consequence of the exposures.     
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Volume change measurements for the motor varnish pucks are displayed in Figure 6.  Exposures of the solvent-
based varnish with lubricants revealed volume decreases in the range of 4-5% for samples from all of the lubricant 
and refrigerant/lubricant exposures.  Similar trends were observed for the weight change measurements.  Due to the 
similar results between the 100% lubricant exposures and the refrigerant/lubricant exposures, the conclusion may be 
drawn that these decreases are not a consequence of the refrigerant exposures.  In the mandrel bend test results, the 
single strand magnet wires prepared with the solvent-based varnish exhibited more significant cracking after 
exposures to 50% R1234yf:50% lubricant and 50% R1234ze(E):50% lubricant (both POE and PVE) compared to 
the samples from the other exposure conditions (specifically the 100% refrigerant exposures and the 50% three- 
refrigerant blend:50% lubricant exposures).  Helical coils prepared with the solvent-based varnish exhibited 
decreases in bond strength for all of the exposures with lubricants, including the 100% lubricant controls.  These 
decreases were in the range of 18% - 46%.  Electrical tests of the varnished magnet wire samples did not reveal any 
significant decreases to the dielectric strength or burnout strength of the varnish as a result of the exposures.   
 
 
Figure 6: Volume change results for the varnish pucks. 
 
Materials were categorized using a risk-based approach based on criteria developed by the authors that incorporated 
results from critical tests and inputs from system application experiences.  It is acknowledged that the specific 
application intent and requirements for a material need to be taken into consideration during the selection process, 
and that individual original equipment manufacturers (OEMs) and test labs may have different ranking criteria and 
selection processes.  A more detailed review of the test results and observations from this study is available in the 
final report from AHRI MCLR project #8007 (Majurin et al, 2014).    Materials are classified by category in Tables 
5 – 9.  If a specific refrigerant is not specified along with the results, it should be assumed that the risk classification 
applies to all three fluids that were evaluated in this study – R1234yf, R1234ze(E), and the three-refrigerant blend.   
 












>30% or <0% 
increase 
Significant material changes 




Silicone (Parker L1120-70) 
Fluorocarbon (Parker V0747-75) 




Marginal material changes 
such as color change or 
minor extractables  
10-15% 
(+/-) 
EPDM (Parker E0893-80) 
Butyl rubber (Parker B0612-70) 
Nitrile-based HNBR  
(Parker N1173-70) 
Low 
0% - 20% 
increase 
No notable material changes 
0-10% 
(+/-) 
Neoprene 1 (Parker C0873-70) 
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Appearance Change Results 
High 
>25% or <0% 
increase 




>20 but <25% 
increase 
Marginal material changes such as color 
change or minor extractables  
None 




















Significant material changes 




Polyester (unfilled),  
with R1234ze(E) and the three-
refrigerant blend  
Medium 
10% - 20% 
increase 
Marginal material changes 
such as color change or 







No notable material changes 
0%-25% 
decrease 
Polyester (unfilled), with 
R1234yf 

























changes such as 








10% - 20% 
increase 
Marginal material 
changes such as color 






Mylar® MO21, with 
R1234ze(E) and the 
three-refrigerant blend 
















Mica glass cloth, with 
R1234ze(E) and 
R1234yf 
Polyester tie cord 
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Material compatibility concerns were identified for specific elastomers, gaskets, and polymers with R1234yf, 
R1234ze(E), and the three-refrigerant blend.  Three elastomers (silicone, fluorocarbon, and one of the two neoprene   
formulations), one gasket (Armstrong N-8092), and one polymer (a polyester motor connector block material) were 
classified as high risk with at least one of the refrigerants evaluated, while three elastomers (EPDM, butyl rubber, 
and nitrile-based HNBR) were classified as medium risk.  Several of the materials were determined to be low risk, 
including three elastomers (one of the neoprene formulations, epichlorohydrin, and nitrile-based NBR), two gaskets 
(Garlock® 3300 and Klingersil® C-4401), and five polymers (nylon 6,6, PEEK, PPS, PAI, and PTFE).  These 
results suggest that many of the seal and structural polymer materials currently used are suitable for use with next 
generation low GWP refrigerants. 
 
Besides the polyester connector block material, none of the other motor materials were identified as high risk, but 
two were identified as medium risk.  The materials identified as medium risk with at least one refrigerant include 
Mylar® MO21 polyester and the mica glass cloth material.  The Melinex® 238, Nomex® 410, polyester tie cord, 
Pedigree® 923 solvent-based varnish, and GuardianTM water-borne varnish materials were all determined to be low 
risk. Interactions between refrigerants containing R1234ze(E) and ester-based materials require additional study to 
better understand the component and system reliability implications prior to widespread use of fluids comprised of 
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